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INTRODUCTION
thorough knowledge of plant roots and their activities
is of great importance to any one working with
plants. Roots absorb the water and mineral salts
which are necessary if growth activities are to continue.
Roots also support the plant and act as organs of storage,
storing up materials which can later be used by the plant.
Furthermore, the activities of roots are influenced to a
very great extent by the soil conditions around them. Tem-
perature, soil moisture, the physical and chemical conditions
of the soil, and many other factors may not only check or
stimulate root growth but may decrease or increase in one
way or another the efficiency of the roots. A knowledge of
how the roots grow, develop and carry on the essential
functions should help the plant grower to select those cul-
tural practices which will tend to make the plants more
efficient. Plant growth and crop yields are governed to a
large extent by the efficiency of the roots.
The reduction in yield of sugar cane resulting from a
failure of the plants to make a satisfactory growth has
been an important problem in the sugar belt of Louisiana
for many years. Growth failure may occur as a result of
poor germination of the buds on the planted stalks and
stubbles or from the inability of the plants to respond to
favorable growing conditions. In practically all cases, this
poor growth is due primarily to a failure of the roots of
the plants to function as they should. They are apparently
unable to furnish a sufficient amount of water and mineral
salts to meet the requirements of the growing plant.
At the request of the American Sugar Cane League, a
special study is being made of the structure, development
and behavior of sugar cane roots. In this bulletin, the in-
4formation which has been obtained during a period of two
years and which may have a bearing on the field operations
of the growers, is recorded.
FIG. 1. SUGAR CANE STALKS
A. Stalk in growing condition, (a) Node, (b) Internode, (c) Bud or Eye,
(d) Root band.
B. Root development from root band area on sugar cane stalk.
SUGAR CANE STALK
A stalk of sugar cane (Fig. 1A) is made up of joints, the
number and size of these depending largely on the variety
and the environment under which the plant is grown. The
5portions of the stalk which are of particular interest are
(a) node, (b) internode, (c) bud or eye, (d) root band.
The node is the section of tough, fibrous tissue which
separates the joints.
The internode is the portion between two nodes.
The bud or eye is situated just above the node. The
bud is capable under the right moisture and temperature
conditions of producing a new shoot. The buds are arranged
alternately on the opposite sides of the stalk.
The root band is a small section of the stalk just above
the node. This is generally somewhat different in color and
on it occur a great many small dots usually in rows. These
dots are thin places in the rind tissue and are directly over
the root primordia. Under the right moisture conditions, a
root develops from each of these (Fig. IB). All the roots
which are produced by the cane plant come from the root
band area.
The portion of the stalk underground, which is struc-
turally no different from the portion above ground, is often
called the rootstalk. In Louisiana, these portions after har-
vest are called stubbles. During the growing season, the
buds on the rootstalks develop into suckers and the roots
which are necessary for the growth of the plants develop
from the root bands on the internodes.
SUGAR CANE ROOT
The roots of the sugar cane plant are fibrous in nature.
The main roots which develop from the root band on
the growing stalk are usually called the primary roots. As
the roots grow, they branch repeatedly and finally permeate
the soil in every direction. The branches are usually called
secondary and tertiary roots. A root when first formed is
nearly white in color and is covered with many small root
hairs. As the root extends further out in the soil, the older
portion near the stalk becomes dark in color and the root
hairs disappear. Absorption of water and mineral salts
takes place to a very large extent in the white portion near
Fig\ 2. Cross section of young- sugar cane root, showing- the stele
surrounded by the cortex.
the tip. A cross section of the white portion (Fig. 2) shows
that there are two main parts of the root, the stele and
the cortex. The stele located in the center of the root is
more or less circular in cross section and contains a num-
ber of large openings which are the open ducts through
which the soil solution absorbed by the roots is carried
back to the stalk. The cortex is the rather thick area
surrounding the stele. The root hairs, shown in figure 3A,
extend outward from the outer layer of cells, the epidermis.
The soil solution is taken up by the root hairs and epidermis
and is then carried through the cortex cells to the ducts
in the central stele.
If a section is made through the older dark colored
portion of the root, it will be seen that the cortex cells
are dead and are left in the form of shreds connecting
7FIG. 3. CROSS SECTIONS OF SUGAR CANE ROOTS
A. Young: root showing root hairs.
B. Old root showing- the [breaking down of the cortex.
the epidermis to the stele (Fig. 3B). The cortex has be-
come merely a spongy dead layer surrounding the living,
functioning stele. It seems that as soon as the young por-
tion of the root grows out, the old portion ceases to function
as an absorbing organ and the cortex cells, being of no
further use, die.
It is evident then that a well-developed and rapidly
growing root system is necessary for a maximum growth
of the sugar cane plant. It is evident also that any serious
injury to the growing root tips or any unfavorable envi-
ronmental factor such as an unsatisfactory temperature
or soil condition which prevents a proper root develop-
ment, will check the growth of the plants. Injuries may
come from root rotting organisms such as Pythium which
kill the root tips, or they may come from cultivation prac-
tices that destroy the terminal portions of the roots. The
actual damage resulting from the destruction of portions
of the roots, of course, will vary to a considerable extent.
8Pig. 4. Young roots of sugar cane, showing the formation of branches
after the destruction of the growing tips.
If the soil is wet and conditions are favorable for the
rapid development of new roots, no material checking of
growth may be noticed (Fig. 4), but if the soil is dry or
conditions are unfavorable for the development of new
roots, the checking of growth may be very marked.
IMPORTANCE OF SEEDPIECE ROOTS
Sugar cane is propagated by planting portions of the
stalks. In Louisiana, the whole stalk is usually planted but
in the tropics, the stalks are ordinarily cut into seedpieces.
When placed in the soil, the buds or eyes swell and finally
produce shoots.
9When the seedpieces are planted, roots develop on the
seedpieces from the root bands at the nodes. The roots de-
velop independently of the buds though some of the latter
usually start at about the same time. Many of the buds,
however, do riot germinate until later. Usually a consider-
able number of roots develop on each joint of the seedpiece,
though all of the root primordia do not develop at once. A
considerable number are held in reserve and only produce
roots if something happens to those which are first
produced.
These seedpiece roots grow out into the soil and if con-
ditions are favorable may reach a length of two feet. The
continued development of these rbots depends to some ex-
tent on the developing buds. If the bud germinates and
grows, the seedpiece roots will continue to grow for some
time. If the bud is killed or fails to grow, the growth of
the roots is checked and usually they deteriorate prema-
turely. These seedpiece roots seem to be necessary for a
normal growth of the shoots, as they support the young
plants until the latter have developed root systems of their
own.
The young plant does not put out roots of its own (pri-
mary roots) until new joints develop at the base. If the
shoot is growing rapidly and the seedpiece roots are abun-
dant and well-developed, the young stalk may reach a
height of six to ten inches and sometimes even more before
primary roots develop. If, however, the seedpiece roots are
deficient or the plant is growing poorly, primary roots will
be developed earlier.
That the young shoot depends on the seedpiece roots for
a considerable period or until it has time to produce a root
system of its own was mentioned by Dr. Stubbs as early as
1897. Recent tests on a much larger scale confirm these
earlier observations.
Plants were grown from seedpieces in pots in the green-
house in sets of three different treatments. In the first set,
the roots were allowed to develop in a normal manner on
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the seedpieces. In the second, the seedpiece roots were re-
moved at frequent intervals. In the third, the root pri-
mordia were cut out of the seedpieces with a knife before
planting. In all of the sets, shoot development was about
the same until the plants were from five to six inches tall,
Fig-. 5. Sugar cane growth after injury to the seedpiece roots.
Plants on left, roots removed at weekly intervals from seedpieces.
Plants on right, root primordia removed from seedpieces with knife.
Plants in center, seedpiece roots permitted to develop normally.
but after that differences began to show (Fig. 5). Plants
from the seedpieces with normal roots developed much
more rapidly than the others. The plants in the other sets
grew very slowly. The plants growing from the injured
seedpieces were more severely affected than those from
seedpieces that had the roots removed. This, however, was
to be expected as the injured seedpieces had no supporting
roots while the others did have short ones that developed
and grew before they were removed. Shoots from seed-
pieces with a deficient root system showed the symptoms
which ordinarily occur when plants are not obtaining suf-
11
ficient water and plant food. It would seem that the young
plant does not use to any great extent the substances
stored
up in the seedpiece, and certainly does not obtain much of
its water supply from that source.
Since the young shoot at first depends to a very
large
extent upon the seedpiece roots, it is evident that a
serious
destruction of these by root-rotting organisms must tend to
materially check the growth of cane in the early spring.
Inoculation experiments with the root rotting fungus,
Pythium, have shown that this organism can destroy the
seedpiece roots very rapidly. The conditions most favor-
able for this decay are those brought about by low tem-
Fie 6 Sugar cane growth following the destruction
of seedpiece
rootfby decay ^organism!. All plants except those in
right center had
seedpiece roots killed by the fungus, Pythium.
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peratures combined with a high moisture content of the
soil. In figure 6 are shown plants which had been grown in
Pythium-infested and Pythium-free soils. It is readily seen
that the plants from the Pythium-infested soil were very
similar to those grown from seedpieces from which the
roots had been removed.
This helps to explain the fact that poor growth and low
yields usually occur in seasons following cold wet winters
when conditions are very favorable for the decay of the
roots. For a maximum early growth, conditions favorable
for the development of seedpiece roots must be maintained.
ROOTS ON STUBBLE PIECES
During the growing season, practically all of the root
primordia on that part of the stalk which is underground,
produce roots. There is a band of roots around each under-
ground node. Consequently, when the stalk is cut at harvest
time in the fall, the stubble piece which is left in the ground
and which usually consists of from five to ten short joints
has a well-developed root system. It is from these stubble
pieces that the stubble or ratoon crop develops the follow-
ing season.
Fundamentally, the production of a shoot from a stub-
ble piece is in no way different from the production of a
shoot from a planted stalk. The differences which some-
times occur in the behavior of shoots from planted stalks
and from stubble pieces must necessarily be due to the root
condition. On the planted stalks, new roots are produced
at every node, while on the stubble, the roots are already
present. Very seldom are new roots produced from the
stubble pieces during the winter and spring. By digging
up stubble pieces and placing them in moist chambers
where conditions are the most favorable for root develop-
ment, it has been possible to occasionally force a new root
to develop but under field conditions, this only occasionally
occurs. An examination of a large number of stubble pieces
in June, 1931, resulted in the finding of a few new roots on
Co. 281 but none on CP. 807 or P.O.J. 36 M.
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As it is known that the young shoot absorbs its water
supply from the roots, it is evident that the shoot on the
stubble piece must depend on the old roots of the previous
season. The production of shoots, then, from stubble and
the vitality of these shoots will depend to a considerable
extent on the vitality of the stubble roots. It is
evident that
the failures which have often followed attempts to rapidly
propagate cane by transplanting stubble pieces is at least
partially due to the deficiency of roots on these seedpieces.
If conditions of growth are unfavorable, shoot development
and growth are materially retarded.
To obtain some direct information on the importance
of the old roots on the stubbles, experiments have been
carried on over a period of two years.
The first test was started in the fall of 1929. Plant cane
of the variety P. 0. J. 234 growing in mixed soil was cut
early in the fall. With a large knife, the stubble roots were
then severed to a depth of about ten inches around each
stool. This did not remove all the roots but it removed all
of those extending out in the surface layers of the soil
which was probably between 80 and 90% of the entire root
system. Twenty-four stools were treated in this way, while
sixty others were left for checks. In the spring of 1930,
only two shoots developed on the treated stools while the
sixty untreated stools developed twenty-five shoots.
In the fall of 1930, this experiment was run on a con-
siderably larger scale. Early and late cut cane of different
varieties were used. As in the previous year, the roots were
cut with a large knife close to the stools to the depth of
eight to ten inches. The results obtained from the 1930-31
tests are given in table 1.
14
TABLE 1
SHOOT DEVELOPMENT FOLLOWING THE CUTTING OF OLDSTUBBLE ROOTS, 1931
Variety Cane
Cut
Roots
Cut Treatment
May 5 June 8
No.
of
Stools
No.
of
Shoots
No.
of
Stools
No.
of
Shoots
P. O. J. 36 M Early
October
Nov. 1 Roots cut . .
Check
46 59
46 70
46 91
46 129
P. O. J. 213 Early
October
Nov. 1 Roots cut . .
Check
50 44
50 41
47 98
47 99
Co. 281 October 20 Nov. 1 Roots cut . .
Check
14 58
14 77
14 105
14 119
P. O. J. 36 M December Feb. 16 Roots cut . .
Check
55 170
55 216
51 329
51 386
P. O. J. 213 December Feb. 16 Roots cut . .
Check
30 71
30 93
30 140
30 200
Co. 281
1
October Feb. 16 Roots cut . .
Check
14 71
14 80
14 104
14 126
As in the previous year, the cutting of the roots even to
a depth of eight to ten inches materially reduced the germi-
nation of the stubble pieces. It is also important to note that
the cutting of the roots as late as February 16 affected the
recovery of the cane as severely as cutting in early No-
vember.
Examinations made in the field in the spring of 1931
showed that many old stubble roots were still alive in June,
though many had begun to deteriorate by that time.
EFFECT OF SOIL CONDITION ON ROOT DEVELOPMENT
While it has been indicated that the pruning of the root
system by cultivation practices may be harmful to cane
plants, this does not mean that cultivation is not necessary.
It does show, however, that cultivation practices that will
leave the soil in the most desired condition and at the same
time will destroy as few roots as possible are those which
will give the maximum yields of cane.
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Besides the necessary destruction of weeds and grass,
cultivation improves the soil in at least three important
ways. It loosens the soil so that the plant roots can
penetrate
it more readily, it allows the entrance of the oxygen
which
is necessary for the proper growth of the roots, and it con-
serves the supply of moisture. Some of the cane soils, espe-
cially the heavy black soils, become very compact and
the
lack of oxygen in such soils must cause a partial
asphyxi-
ation of the roots. It is certain that the roots do not
pene-
trate this type of soil satisfactorily. The judicious breaking
apart of these compact soils by cultivation is not only bene-
ficial but very necessary. This is brought out clearly in
the
~
'
^ III
5 N<f>
^
Fie 7 Distribution of cane roots in heavy soil. The location of the
off-baf fur?iw can be traced by the abundant root
development.
photograph of a root system shown in figure 7. This stool
of stubble P. 0. J. 213 cane was grown in heavy black soil
and the soil was dug away from the roots in October. The
excessive development of roots in the off-bar furrow and
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the lack of roots in the compact soil under the stool is very
noticeable. This demonstrates the importance of having the
soil well-aerated and in such a physical condition that the
roots can penetrate it. In order to put the soil in as good a
condition as possible and also to destroy as few roots as
possible, it would seem that off-barring and deep cultivation
should follow the development of shoots on the stubble
pieces and should precede the development of roots in the
upper soil layers.
That cultivation does not necessarily stimulate an early
growth of cane is a common observation. In figure 8 are
shown two plots of cane on the Experiment Station Farm
i'n*i
S/ v n ict cultivation on early growth of stubble in June,iydi. (a) Jr. O. J. 213, without cultivation, (b) P. O. J. 213 withnormal cultivation. '
at Baton Rouge, taken in June, 1931. The cane in figure 8A
was thrown out of cultivation on account of levee construc-
tion and received no cultivation, while the cane shown in
figure 8B was given the best cultivation possible. Az the
time of taking the photograph, no material difference in the
growth or vitality of the cane was noticed. Many similar
observations have been made by cane growers and some
will recite instances where cane has made a better yield
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without cultivation. Usually, however, uncultivated fields
later in the year take on a yellow_color and do not grow
as well. This is especially true~of~eane on heavy, compact
soils. Uncultivated soils are not generally as well aerated
and they lose the soil moisture more rapidly during dry
seasons. Cultivation then becomes necessary, but culti-
vation which destroys the feeding roots of the plants may
be harmful. In dry years, such cultivation may be very
harmful.
EFFECT OF TEMPERATURE ON GROWTH
It is a well-known fact that the growth of sugar cane is
materially affected by temperatures. Sugar cane is a tropi-
cal plant and, as would be expected, requires a high tem-
perature for maximum growth. The rate of growth at
different temperatures and the minimum temperature at
which growth will take place is information of particular
interest to the Louisiana planter.
As yet, only a few preliminary experiments on the effect
of temperature have been run but these have given some
interesting results.
In one test, seedpieces of P. O. J. 36 cane were allowed
to develop in temperature-controlled incubators at the fol-
lowing temperatures: 52, 61, 70, 79, 88, and 97° F. After
ten days, the seedpieces were removed and the average
lengths of the shoots and roots were obtained. The results
of the test are given in table 2.
GROWTH OF ROOTS AND SHOOTS OF P. O. J. 36 CANE DURING
TEN DAYS AT DIFFERENT TEMPERATURES
TABLE 2
Temperature Average shoot
length, inches
Average root
length, inches
52°F
61°
70°
79°
88°
97°
0
0.25
0.75
3.50
7.00
9.50
0.25
1.90
2.75
3.25
4.00
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From the preceding table, it is seen that no growth took
place at 52° F
.,
and at temperatures of 70° or under the
rate of growth of shoots and roots from seedpieces was
slow. The rate of growth, however, increased very rapidly
as the temperature was raised to 79° F. and above.
To obtain more accurately the minimum temperature at
which cane will begin growth, seedpieces of P. 0. J. 213,
P. 0. J. 36 M, and Co. 281 were placed in cold-controlled
refrigerators at temperatures of 54°, 57.5°, and 61°F and
allowed to develop for thirty^seven days. Very similar re-
sults were obtained with P. 0. J. 213 and P. 0. J. 36 M.
After twenty to thirty days, these two varieties showed a
very slight growth at 54°F. Co. 281, on the other hand,
showed no growth at 54 °F and only a very slight growth at
57.5°F. It would seem that the minimum temperature for
growth of young shoots and roots of Co. 281 is about three
and a half degrees higher than for the other two varieties.
It was also interesting to note that at these low tempera-
tures many of the roots rotted severely after they had
started to develop. It would seem that low temperatures
maintained for sometime are very favorable for root dscay.
During the spring of 1931, the temperature remained near
the critical point for a long period and this must have been
a factor in the cane deterioration that occurred. The tem-
peratures were just high enough to start growth but not
high enough to maintain it.
DISTRIBUTION OF ROOTS IN SOIL
In order to select the most efficient methods of cultiva-
tion, drainage and fertilization, it is important to have a
knowledge of the location and distribution of the cane roots
in the soil. In the tropics, considerable information has
been secured on root distribution and it has seemed desir-
able to obtain similar information in Louisiana. In general,
the Louisiana results are in close agreement with those from
the tropics.
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Two methods have been used in obtaining information
on the distribution of cane roots, (1) the root box method
and (2) the soil excavation method.
In the root box method, boxes 2x2x2 feet and 3x3x3
feet were built. These were made in sections, six inches
deep. On the bottom of each section was tacked strong
Fig. 9. Cane roots as they developed in root boxes. This shows the early-
downward growth of the roots.
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poultry wire. These sections were nailed together as they
were filled with soil. The completed box consequently had
partitions of poultry wire every six inches. The lower sec-
tions of the box were filled with subsoil and the top twelve
inches with top soil. Cane was planted in these boxes and
permitted to grow for definite intervals. At the time the
root system of the cane was to be examined, one side of the
box was removed and the dirt washed away with a hose
(Fig. 9). The poultry wire partitions held the roots in
place and it was possible to obtain the weight of the roots
in each six inch layer. During the season of 1930, boxes
planted with P. 0. J. 36 cane were examined twice a month.
Two boxes were generally studied on each date. In table 3
the data procured from the best of the two boxes are given.
TABLE 3
DRY WEIGHT OP SHOOTS AND ROOTS AT DIFFERENT SOIL
DEPTHS IN ROOT STUDY BOXES
April 17 May 1 May 15 June 3 June 30
Wgt. % Wgt. % Wgt. % Wgt. % Wgt. %
Shoot
Seedpiece
Roots
Roots in differ-
ent layers:
0-6 inches
7-12 inches . .
13-18 inches
19-24 inches
25-30 inches
4.6
0.9
0.5
8.3
0.2 ...
1.2 41.3
1.0 34.5
0.5 17.2
0.2 6.9
9.2 ...
0.2 ...
0.8 29.6
1.0 37.0
0.5 18.5
0.4 14.8
56.2 . . .
4.5 28.1
6.5 40.6
3.5 21.9
1.5 9.3
228.5 . . .
17.6 21.3
14.0 16.9
7.0 8.4
16.5 19.9
17.0 20.5
10.7 12.931-36 inches
Total Roots
Ratio roots
to Tops
Shoots:
Number
Average height
1 to 9.2
1
7.5
2.9 99.9
1 to 2.8
2
4.2
2.7 99.9
1 to 3.4
4
4.2
16.0 99.9
1 to 3.5
5
8.4
82.8 99.9
1 to 2.7
12
7.6
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TABLE 3 (Continued)
Aug. 1 Aug. 29 Oct. 1 Nov 1
Wgt. % Wgt. % Wgt. % Wgt. %
Seedpiece Roots:
Shoot 503.0 1,498.0 1,412.0 2,746.0
Roots in different
layers
:
0-6 inches 59.8 50.3 177.5 60.2 317.6 77.8 420,0 74.6
7-12 inches 15.0 12.6 64.0 21.7 50.8 12.4 82.0 14.5
13-18 inches 8.5 7.1 13.1 4.4 14.0 3.4 22.0 3.9
19-24 inches 10.9 9.1 17.2 5.8 14.6 3.5 16.7 2.9
25-30 inches 17.0 14.3 16.2 5.4 5.6 1.3 9.5 1,6
oi-oD mcnes n n( . 1 b. 1 Z.o 0.0 1 01.6 ±4.0 O 9Z.ti
Total roots .... 118.9 99.8 294.7 99.8 408.1 99.7 562.7 99.7
Ratio Roots
to Tops. . 1 to 4.2 1 to 5.0 1 to 3.4 1 to 4.8
Shoots:
Number 14 12 12 12
Average height
. . 13. 1 27. 0 43. 5 46. L
The first primary roots which formed on the young
shoots in the boxes grew downward in the soil (Fig. 9).
Later secondary and tertiary roots developed which grew
out into the surface layers. The season of 1930 was very
dry and as the boxes received no water except from rain
the surface layers remained very dry until the rains started
in the fall. This undoubtedly accounts for the smaller per-
centage of roots in the surface layers during the summer.
During the fall, the development of roots in the surface
layer was very extensive. In both the spring and fall, 65 to
90% of the roots (by weight) were in the upper twelve
inches of soil.
The root development in the boxes did not differ materi-
ally from the development in the field. The development of
the roots in the lower levels was somewhat more rapid and
usually more extensive, but this was to be expected as the
soil was looser and better aerated.
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FIELD EXCAVATION STUDIES
Extensive studies have been made of the development
of cane roots under field conditions. The method which has
been found most satisfactory is the so-called Excavation
Method. Well developed stools of cane were selected. The
tops were cut, dried and weighed and then the soil was
removed in definite layers and the roots separated from the
soil by sifting and washing through a one-fourth inch mesh
screen. While it is realized that many of the smaller roots
went through the screen and were lost, the method seemed
to give comparative results which were sufficiently accu-
rate. In selecting the stools, only those were used which
were growing under normal field conditions and were adja-
cent to normal stools. The area excavated was a rectangle
extending to the middles and half way to the adjacent stools
in the row. By having normal stools on all sides, the roots
growing beyond the excavated area were counterbalanced
by roots from outside plants coming into the excavated
area.
The first series of excavations was made in September
and October, 1929. In table 4 are given the results obtained
from eleven stools.
TABLE 4
WEIGHT AND DISTRIBUTION OF ROOTS AND SHOOTS OF
STOOLS OF CANE, SEPTEMBER AND OCTOBER, 1929
D 74 D 74 Purple Purple
Weight Per
grams cent
Weight Per
grams cent
Weight Per
grams cent
Weight Per
grams cent
Tops and stubble
(green)
Roots (dry) in
different lay-
ers:
0- 2 inches . . .
3- 8 inches . .
9-14 inches . .
15-24 inches . .
25-30 inches .
31-36 inches . .
Total
6910.0
I
8.60 6.9
75.25 59.0
30.17 23.8
9.70 7.6
3.10 2.5
1
7337.0
20.50 12.6
89.45 54.9
36.32 22.3
10.50 6.4
5.90 3.6
1
6856.0
22.85 14.7
81.50 52.4
28.35 18.2
14.00 9.0
8.70 5.5
1
5905.0
12.70 10.7
66.65 56.2
27.50 23.2
7.70 6.6
3.95 3.2
126.82 99.8 | 162.67 99.8 | 155.40 99.8 118.50 99.9
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TABLE 4 (Continued)
P. O. J. 213 P. O. J. 234 P. O. J. 234
Weight Per
grams cent
Weight Per
grams cent
Weight Per
grams cent
Tops and Stubble
(green)
Roots (dry) in different
layers:
0- 2 inches
3- 8 inches
9-14 inches
15-24 inches
25-30 inches
31-36 inches
Total
13,577.0
38.85 18.7
120.40 57.9
31.60 15.2
10.45 5.0
6.40 3.0
8,897.0
21.35 10.7
114.50 57.3
42.25 21.2
12.40 6.2
9.35 4.5
10,416.0
11.60 6.2
115.35 61.5
38.10 20.3
14.45 7.7
7.85 4.2
207.70 99.8 [ 199.85 99.9
1
187.35 99.9
TABLE 4 (Continued)
P. O. J. 36 P. O. J. 36 P. O. J. 213 P. O. J. 213
Stubble Stubble
Weight Per Weight Per Weight Per Weight Per
grams cent grams cent grams cent grams cent
Tops and
stubble
(green) . 11,802.0 18,157.0 12,001.0 18,526.0
Roots (dry)
in differ-
ent layers:
0- 2 inches 10.80 6.3 28.80 12.9 44.20 11.4 73.10 19.9
3- 8 inches 108.00 68.2 132.45 59.7 245.00 63.0 162.95 44.5
9-14 inches 31.80 20.1 43.00 19.4 38.15 9.8 77.80 21.2
15-24 inches 6.55 4.1 12.50 5.6 28.60 7.3 30.80 8.4
25-30 inches 1.70 1.0 5.1 2.3 18.75 4.8 12.80 3.5
31-36 inches
1
14.10 3.6 8.8a 2.4
Total .... 158.25 99.7 221.85 99.9 388.80 99.9 366.25 99.9
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It will be seen that the roots penetrated to depths of
more than 30 to 36 inches. In fact, some of these roots were
traced down to depths of more than four feet. Of greatest
importance is the fact that from 85 to 90% of the roots
were found in the surface fourteen inches of soil. The
deeper roots undoubtedly furnish moisture for the plants
during dry periods, yet most of the absorption of water and
mineral salts must come from the surface layers.
In the season of 1930, further excavations were made
during a drought period in the last half of June and the
first half of July the results obtained are given in Table 5.
In this table, each set of figures represents the average of
two stools.
TABLE 5
WEIGHT AND DISTRIBUTION OF ROOTS AND SHOOTS OF
STOOLS OF CANE, JUNE AND JULY, 1930.
Co. 281 P. O. J. 36 M P. O. J. 213 Co. 281
Plant
Mixed soil
Plant
Mixed soil
Plant
Mixed soil
Plant
Heavy soil
Weight Per
grams cent
Weigiit Per
grams cent
Weight Per
grams cent
Weig-ht Per
grams cent
Tops and
Stubble
(dry)
Roots (dry)
in different
layers
:
0- 2 inches
3- 8 inches
9-14 inches
15-24 inches
Total ....
Ratio of
roots to
tops
1 534.7
0. 0.
65.70 51.9
53.95 42.6
j
6.90 5.4
745.0
0. 0.
54.90 45.5
47.90 39.8
17.60 14.6
320.3
1.9 2.1
46.9 51.9
30.9 34.2
10.6 11.6
218.7 ...
0. 0.
56.1 71.3
18.0 22.9
4.4 5.5
126.55 99.9 120.50 99.9 90.3 99.8 78.5 99.8
1
|
1 to 4.2
!
1 to 6.1
1
1 to 3.5
|
1 to 2.8
1
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TABLE 5 (Continued)
P. O. J. 36 M P. O. J. 213 P. O. J. 36 M
Plant
Heavy soil
Plant
Heavy soil
1st Yr. Stubble
Heavy soil
Weight Per
grams cent
Weight Per
grams cent
Weight Per
grams cent
Tops and stuibble (dry)
.
. .
Roots (dry) in different
layers:
0- 2 inches
3- 8 inches
9-14 inches
15-24 inches
Total
Ratio of roots to tops . . .
160.5
0.0 0.0
28.9 71.3
10.4 25.6
1.2 2.9
167 9
0.0 0.0
27.4 58.8
14.2 30.4
5.0 10.7
774. Q
0.0 0.0
113.9 73.9
24.7 16.0
15.5 10.0
40.5 99.8 46.6 99.9 154.1 99.9
1 to 3.9 1 to 3.6 1 to 5.0
TABLE 5 (Continued)
P. O. J. 213 C. P. 807 Co. 281
1st Yr. Stubble
Heavy soil
Plant
Mixed soil
1st Yr. Stubble
Mixed soil
Weight Per
grams cent
Weight Per
grams cent
Weight Per
grams cent
Tops and stubble (dry)
.
.
Roots (dry) in different
layers:
0- 2 inches
3- 8 inches -
9-14 inches
15-24 inches
Total
Ratio of roots to tops
357.5
0.0 0.0
39.2 48.5,
20.8 25.7
20.9 25.8
1,515.0
2.4 1.1
109.1 50.2
81.5 37.5
24.0 11.0
2,486.5
10.0 3.7
173.9 65.6
55.8 21.0
25.0 9.4
80.9 100.0 217.0 99.8 264.7 99.7
1 to 4.4
1
1 to 6.9 1 to 9.4
1
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The results given in the table show that at this period
of growth, there were from forty-five to seventy per cent
of the roots in the top eight inches of soil and from eighty-
five to ninety-five per cent in the top fourteen inches. These
results agree quite closely with those obtained in the pre-
vious fall. In general, the cane in heavy soil showed a
greater percentage of the roots in the upper eight inches of
soil than cane in mixed soil. The lighter soils are of a looser
texture and are better aerated, conditions which favor root
penetration and development.
GERMINATION OF PLANTED CANE
In Louisiana, in order to insure a proper stand, the ord-
inary procedure is to plant two running stalks. The entire
stalk is used and two solid rows of these are placed in the
opened furrow at planting time. These stalks are usually
lapped in order to make an even distribution of the top and
basal eyes. The major portion of the cane acreage is planted
in early October. The rest is largely planted in the early
spring, using seed cane which has been windrowed.
After planting, the buds on the tops of the stalks are
usually the first to swell and start to develop shoots. This
does not mean, however, that tops will produce a better
stand of cane. On the contrary, from observations made
over many years in Louisiana, it has been found that the
number of shoots produced in the field from basal buds
usually averages slightly higher than from top eyes. This
is due to the fact that the top joints are more tender and
consequently deteriorate more rapidly and possibly also to
the fact that the seedpiece roots develop better on the basal
joints. Cane varieties also seem to vary in this respect. An
excellent example of this variation occurred in one of the
tests on the experiment station farm in 1931. A large num-
ber of stalks of P. 0. J. 234 and P. 0. J. 213 were planted
separately, each being marked by stakes. In June, it was
noticed that shoots from the P. 0. J. 234 stalks were larger
at the top of the stalk and gradually became smaller to-
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wards the base. With the P. O. J. 213, the reverse was
true.
The large shoots came from the base of the stalks, the
tops
of the stalks producing small shoots or none at all.
Information on the number of shoots that can be ex-
pected from planted cane is of importance. Formerly
when
the old varieties, D 74, Striped, and Purple, were
generally
planted, information accumulated over a number of
years
showed that on the average only about twenty
per cent ot
the eyes produced shoots.
During the past four years, data on germination
have
been obtained with the new varieties. This has
been secured
by counting the good buds on the cane planted
m certain
plots and then in the spring counting the number of
shoots
which developed. In Table 6 is given the information
which
has been obtained since 1928.
TABLE 6
GERMINATION OF BUDS ON PLANTED SEED CANE
Variety
1928
< -1
1929
o
1930
P< o
1931
P. O. J. 213 20.S 25.0 11.0
22.0 17.87 24.23 7.2
14.5
14.59
26.36
P. O. J. 234. . 16.5 20.4 15.0
27.0 25.721 30.08
P. O. J. 36 17.8 21.5 | 13.0 1
26.0
1
10-85
P. O. J. 36 M 12.59
16.89
2.9
24.9
15.08
31.01
C. P. 177
Co. 281 .
C. P. 807
Co. 290
La. Purple 3.8
40.13 48.38
21.45 34.38 12.2 I 20.22
28.61 33.87 22.6 | 23.28
20.2 22.30
6.0 13.0 1.26 3.16 8.1
6.7
15.83
D 74 11.4 13.2 8.0 20.0 4.89 10.34
The canes which are at present being grown in the
State have during a period of four years shown an average
germination of between 20 and 30%. Under Louisiana con-
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ditions, it is probable that a germination better than 30%
cannot be expected. During the four years, P.O.J. 234 has
perhaps shown the most consistent germination.
The poor germination of canes in Louisiana results
from a combination of factors including the red rot disease
which attacks the stalks, root rotting organisms including
Pythium which destroy the seedpiece roots, and environ-
mental factors, such as temperature, drainage and aeration
of soil. The consistent good germination of P. 0. J. 234 is
at least partially due to its resistance to the red rot disease.
Louisiana Purple is extremely susceptible to red rot and
the poor germination in 1928 and 1930 was unquestionably
due to this disease.
RECOVERY OF STUBBLE CANE
When cane is cut in the fall, the rootstocks or stubble
pieces which consist of short pieces containing from five to
ten short joints are left in the soil. Each of these joints
contains an eye or bud which under satisfactory conditions
can produce a new shoot. As has been stated, the reproduc-
tion of these stubble pieces is very similar to that of planted
cane with the exception that the stubble does not ordinarily
produce new roots but instead depends on the old roots
olihe_pi^yious^easom The deterioration"oTstubble is and
has been one of the most important problems in sugar ag-
riculture in Louisiana. The deterioration, as with plant
cane, results largely from two causes: (1) a rotting of the
stubble pieces by red rot and other organisms and (2) a
failure of the root system due to unfavorable soil conditions
or to the attack of soil organisms.
A careful study has been made of the recovery of stub-
ble cane during two very unlike seasons, 1929-30 and
1930-31.
In the fall of 1929, the cane had reached maturity at
harvest time and the weather conditions were such that
many of the basal eyes had developed or were swelling.
After the cane was cut, these buds continued to develop and
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many produced shoots in the fall. Many of these shoots that
developed in the fall were completely killed by the cold
winter which followed.
On the other hand at harvest time in 1930, cane was m
an immature condition. Very few of the basal eyes had de-
veloped or were even swollen. As a result, the production
of
shoots in the fall was very much less than in the previous
year. In the following spring, the shoots to a
considerab e
extent came from the upper living eyes on the
stubble
pieces. This is probably a more normal recovery
of the
stubble pieces than the condition which occurred m 1930.
During both years, weather conditions in the spring
were unfavorable and there was excessive deterioration
of
the stubble pieces. Much of this was due to red rot but un-
doubtedly a portion of it resulted from a failure of the
old
roots to function.
Stubbles which^develop excessiyely jn the fall unques-
tion^Jbrate^^
SHbblelrom early culcane consequently is frequently more
severely injured than from late cut cane. A cane like P. O.
J 234 which develops quickly and will grow at a low
temper-
ature is often hurt severely by early cutting. On the other
hand, varieties like Co. 281, which start more slowly m the
fall and require higher temperatures for growth will
stand
early cutting much better.
The factors which cause the deterioration of stubble
cane become worse from year to year. Consequently it
is
only a matter of time before the stands in fields are
ma-
terially reduced. With the varieties at present in use, two
stubble crops are ordinarily all that can be expected.
With
some of the more easily injured varieties like P. 0. J.
213, the second stubble crop will often be a failure.
GROWTH OF ROOTS AND SHOOTS
The comparative growth of roots and shoots is in-
formation of value especially in relation to cultivation prac-
tices. During three years, measurements have been made
of roots and shoots in the early spring during the period
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that the roots are growing out into the middles. In the fol-
lowing tables, this information is tabulated. In Table 7, is
included the length of the roots and shoots at weekly 'in-
tervals during the spring of 1930, while in Table 8 are
given the results on important dates during three years.
The stalk height represents the distance between the seed-
piece in the soil and the highest visible leaf sheath ring.
The root length is the distance the roots extend out into the
middles in the upper six to eight inches of soil. In each
case, the figures are based on an average of ten plants.
TABLE 7
ROOT AND SHOOT GROWTH, 1930, MEASURED IN INCHES
Variety- Date
Mixed Soil
Stalks Roots
Heavy soil
Stalks Roots
C. P'. 807
Plant Cane
Co. 281
Plant Cane
P. O. J. 234
Plant Cane
P. O. J. 213
Plant Cane
April 17
April 26
May 2 .
May 9 .
May 15
May 23
May 29
June 6 .
April 17
April 26
May 2 .
May 9 .
May 15
May
.23
May * 29
June 6
April 17
April 26
May 2 .
May 9 .
May 15
May 23
May 29
June 6 .
April 17
April 26
May 2 .
May 9 .
May 15
May 23
May 29
June 6 .
6.9
6.9
7.5
9.1
9.7
14.3
12.9
21.0
1.8
1.3
2.3
5.2
6.0
8.9
11.1
23.6
7.0
7.6
8.7
9.0
9.6
11.9
12.1
17.7
8.7
9.5
11.6
10.4
11.1
16.1
2.7
1.9
2.6
5.2
6.1
10.6
10.3
23.7
6.3
7.2
7.2
8.1
8.7
10.1
12.2
13.6
0.1
1.5
3.9
4.2
5.8
6.4
11.6
21.9
1.7
1.8
2.8
6.1
4.0
7.3
11.3
24.8
5.9
6.2
7.8
8.3
10.5
13.7
15.6
8.1
8.6
9.1
9.8
11.5
13.1
6.3
7.2
7.2
7.9
8.3
10.7
5.3
6.2
7.9
9.7
11.9
0.1
2.6
3.1
6.7
11.1
12.8
18.2
~2T
1.8
3.5
8.4
8.2
10.1
14.9
2.9
5.0
7.5
13.0
0.8
2.0
0.9
7.1
8.9
17.0
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TABLE 7 (Continued)
Variety Date
P. O. J. 36 M
Plant Cane
P. O. J. 36 M
Early Cut
Stubble
P. O. J. 36 M
Late Cut
Stubble
P. O. J. 213
Early Cut
Stubble
April 17
April 26
May 2 .
May 9 .
May 15
May 23
May 29
June 6
April 26
May 2
May 9
May 15
May 23
May 29
June 6
26April
May 2
May 9
May 15
May 23
May 29
June 6
P. O. J. 213
Late Cut
Stubble
P. O. J. 234
Late Cut
Stubble
Co. 281
Late Cut
April 26
May 2
May 9
May 15
May 23
May 29
June 6
April 26
May 2
May 9
May 15
May 23
May 29
June 6
April 26
May 2
May 9
May 15
May 23
May 29
June 6
May 2
May 9
May 15
May 23
May 29
June 6
Mixed Soil
Stalks Roots
8.2
8.4
7.7
9.5
10.3
11.0
13.4
16.5
1.2
3.7
2.2
4.7
5.9
8.3
13.0
29.5
Heavy soil
Stalks
5.5
7.0
8.1
8.6
9.5
10.4
12.6
Roots
0.9
1.9
2.8
5.8
9.4
9.3
18.8
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TABLE 8
YEARLY VARIATIONS IN ROOT AND SHOOT GROWTH,
MEASURED IN INCHES
Variety Date
1929 1930 1931
Shoot Root Shoot Root Shoot Root
P. O. J. 213
Plant Cane
May 14-15
May 22-2J
May 29-30
June 5 - 6 . .
I
8.2
12.5
14.2
1
19.6
24.5
29.7
8.7
10.1
12.2
13.6
4.0
7.3
11.3
24.8
6.6
8.2
9.9
12.2
4.5
9.6
11.4
19.1
P. O. J. 36
Plant Cane
May 14 . .
May 22
May 30 . .
8.6
13.5
16.5
17.9
25.5
34.3
P. O. J. 36 M
Plant Cane
May 15
May 22-23
May 29-30
June 5-6
.
10.3
11.0
13.4
16.5
5.9
8.3
13.0
29.5
7.0
8.1
9.6
12.2
4.2
8.0
9.2
16.7
P. O. J. 234
Plant Cane
May 14-15
May 22-23
May 29-30
June 5-6
.
11.2
12.2
17.1
17.3
18.9
27.4
10.4
11.1
16.1
6.4
11.6
21.9 15.8 20.0
C. P. 807
Plant Cane
May 15
May 22-23
May 29-30
June 5-6
.
y. i
14.3
12.9
21.0
6.0
8.9
11.1
23.6
9.8
9.6
10.9
14.0
7.5
8.5
10.2
17.5
Co. 281
Plant Cane
May 15
May 22-23
May 29-30
June 5-6
.
9.6
11.9
12.1
17.7
6.1
10.6
10.3
23.7
8.1
|
8.7
j
9.9
|
13.6
|
5.2
6.3
10.0
17.5
Co. 290
Plant Cane
May 15 9.1
|
11.3
|
10.8
|
15.9
|
9.6
12.2
9.7
23.1
May 22
May 30
June 5
1
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TABLE 8 (Continued)
Variety Date
1930 1931
Shoot Root Shoot Root
l>. O. J. 213
Stubble Cane
May 22-23
May 29-30 ......
June 5-6
10.2
11.0
11.5
14.8
5.5
4.8
12.6
22.2
7.8
8.6
9.1
11.5
2.9
5.9
9.7
14.4
3.2
P. O. J. 36 M
Stubble Cane
May 22-23 ! 11.6
May 29-30 | 13.2
June 5-6 ... ...| 15.2
5.6
12.0
21.1
9 0
9.1
10.8
13.8
4.1
9.8
17.8
p. O. J. 234
Stubble Cane
May 22-23
May 29-30
June 5-6
9.6
7.8
12.2
13.9
3.7
3.6
7.0
16.8
9.3
9.7
11.8
13.2
5.7
8.6
11.4
16.3
5.8
C. P. 807
Stubble Cane
10.9
11.0
12.3
16.8
6.0
10.2
22.9
Co. 281
Stubble Cane
May 22-23
May 29-30
June 5-6
14.2
16.5
20.1
7.6
12.6
24.8
9.3
9.9
11.5
13.8
5.5
5.3
10.3
19.6
The spring of 1929 was very favorable for cane growth.
The cane developed much faster than in either of the suc-
ceeding years. It is important to note that in that spring
the root length was practically twice that of the stalk
height. On May 14 when the stalks were eight to eleven
inches high, the roots were seventeen to nineteen
inches m
length, long enough to be injured by deep cultivation and
by May 30, the roots were meeting in the middles. In 1930
and 1931, the roots were less than twice as long as the
shoots and canes twelve to thirteen inches in height did not
have roots long enough to be seriously injured by cultiva-
tion. In 1930, the middle of the row was not reached by any
great number of roots until after June 6. In 1931, the
growth was even slower than in 1930. From the three
years results, it would seem that deep cultivation should be
discontinued some time between May 14 and June 6, de-
pending upon the advancement of the season.
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DISCUSSION
It is generally recognized that the Louisiana planter is
working under certain handicaps in the growing of sugar
cane which do not exist in the tropics. The seed cane is
planted in the fall and must be maintained through a par-
tially dormant period of several months, during which con-
ditions are often unfavorable. Furthermore the cane crop
must be made in a short growing season of seven to eight
months. In the tropics, cane usually grows for twelve to
eighteen months and sometimes longer. It is readily seen
that the time factor is extremely important in Louisiana.
The growth of cane must start in the spring as early as
possible and it must be maintained through every day of
the growing season if satisfactory yields are to be obtained.
As the growth of any plant depends very largely upon
its root system, it necessarily follows that maximum crops
of cane can only be made with plants with well-developed
roots that are functioning properly. In this bulletin some
of the factors affecting root development and growth have
been discussed. It has been shown that both the germina-
tion of the buds and the growth of the plants are affected
by the condition of the roots and it has been demonstrated
that the cane yields are often reduced on account of a fail-
ure of the roots to function as they should. It seems self-
evident then, that in all field practices, including soil prep-
aration, cultivation, drainage, and fertilization, everything
possible should be done to keep the roots in a healthy con-
dition and growing rapidly.
The studies which have been made have brought out the
importance of several things.
(1) The seedpiece roots are important in the early
growth of plant cane. These are easily destroyed by root-
rotting organisms. Better drainage and the raising of the
temperature of the soil by the judicious removal of soil
from above the seedpieces should be beneficial in the main-
tenance of these roots.
(2) The old roots on the stubble pieces are important
in the early growth of the young shoots. Too severe prun-
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ing of these roots by off-barring or other cultivation prac-
tices in the winter or early spring before the young shoots
have made a good start may frequently be harmful.
(3) The cutting of the feeding roots in the upper soil
layers during cultivation may be harmful and this should
be prevented as far as possible. It is recognized
that new
roots can be produced very rapidly under favorable con-
ditions but under other conditions severe root pruning
must result in a retarded growth.
(4) On the other hand, a loose aerated soil is favorable
for root development. A maximum growth cannot ordin-
arily be maintained without cultivation. Deep cultivation,
then, should precede the development of the roots in
the
upper soil layers. From three years' results, it has been
shown that deep cultivation even in the middles should be
stopped sometimes between May 14 and June 5.
SUMMARY
1. The primary roots of the sugar cane plant develop
from the root band area on the internode of the stalk just
above the node.
2. Roots will develop from any joint when moisture and
temperature conditions are favorable. Under field condi-
tions, root development only occurs normally on the under-
ground part of the stalk, the rootstock.
3. Roots absorb water and mineral salts from the soil.
The younger portions of the root carry on the function of
absorption. The older portion of the root, after it has be-
come dark in color, merely transports the soil solution back
to the stalk. For a root to be functioning normally, it
should be in a growing condition.
4. After planting, roots develop on the seedpieces.
These maintain the young shoots until these develop roots
of their own. The destruction of these seedpiece roots
checks the growth of the cane in the spring. These roots
are frequently destroyed by root-rotting organisms.
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5. Shoots from stubble cane depend upon the old roots
on the stubble pieces. If these roots are destroyed or in-
jured, fewer shoots will develop and the growth of these
will be checked.
6. A loose and well-aerated soil is favorable for root
development.
7. Cane grows best at high temperatures. The mini-
mum temperature for growth varies with differet varieties.
The minimum temperature for P. 0. J. 213 and P. 0. J. 36
M is about 54°F, while for Co. 281, it is about 57.5F. At
these low temperatures, growth is very slow and the roots
decay readily.
8. The first roots to develop seem to go directly down-
ward in the soil. Later, the roots spread outward and be-
come massed in the surface layers. While roots extend
downward for more than four feet, usually from eighty-five
to ninety-five per cent of them are in the upper fourteen
inches of soil.
9. The canes which are now being grown in the State
show an average germination between twenty and thirty
per cent.
10. The question of stubble deterioration is closely
associated with the growth of roots and shoots in the fall.
Varieties like Co. 281, which start slowly in the fall and
require a higher temperature for growth do not deteriorate
as severely as some of the others.
11. The rapidity of growth of roots and shoots varies
from year to year. In 1929, roots reached the middle of the
row between May 22 and May 30. In 1931, they had not
reached the middles by June 5. In 1929, the root length
was nearly twice as great as the height of the shoots. In
the two following years, the roots were not as long.
12. The studies have emphasized the importance of
keeping the roots in a rapidly growing condition. The de-
struction of roots by cultivation practices should be pre-
vented as far as possible.
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